Some acetophenone derived bis Mannich bases (B1-B5) and piperidinols (Cl, C4), which are the structural isomers of Bl and B4, and also quaternary piperidine derivative C6 were synthesized and studied for anticonvulsant activity. Of the compounds, C6 was reported for the first time. Chemical structures of the compounds were confirmed by UV, IR, 'H-NMR, "C-NMR, mass spectra and elemental analysis. Their anticonvulsant activities were determined by maximal electroshock (MES), subcutaneous metrazol (scMet) tests and rotarod test for neuroloZusammenfassung gical deficits. According to the activity studies, B2, B4, Cl and C4 derivatives were found to be protective against MES at 30 mg/kg and above. Bl, B2, B3, B4, C4 and C6 derivatives were found to be protective against scMet. at different dose levels ranging from 30 to 300 mg/ kg. Since no neurotoxicity was detected for the compounds B4 and C4, they seem to be candidate compounds for further synthesis and in vivo studies for their potential anticonvulsant activity. 
Introduction
Epilepsy treatment is still one of the major problems in medicine because of the uncontrolled seizures in some types of epilepsia, toxicity of medication, several side effects of currently used drugs, which may limit their maximal usefulness, obligation of administration of some antiepileptics used symptomatically in the treatment of epilepsies for a long time even throughout one's life as they have to be used chronically, and also the risk of tolerance developing against the present drugs. Although there are a number of antiepileptic drugs available in the market, because of above mentioned reasons, development of new compounds having anticonvulsant activity is still necessary.
The maximal electroshock (MES) test is a predictor of compounds that are active against grand mal seizures [1] . The subcutaneous pentetrazole (scPTZ) t est is used to detect compounds useful in treating petit mal seizures [1] .
The anticonvulsant drug design is based on the presumption that while at least one phenyl or similar aromatic group in close proximity to two electron donor atoms in the compound is required for the activity in MES, an alkyl group substituted close to two electron donor atoms in the compound is necessary for the activity in the scPTZ test [2] . Most of the drugs used in the treatment of epilepsies today contain ureid structure such as barbiturates, glutarimides, oxazolidinediones and succinimides [2] [3] [4] .
Mannich bases are a group of compounds having several biological activities such as antimicrobial [5-71, cytotoxic [8, 9] , diuretic [10] , anti-inflammatory [11] , antimalarial [12] [13] [14] and also anticonvulsant [15, 16] activities. Biological activities of Mannich bases have been attributed to á,â unsaturated ketones liberated from them by deamination process in vivo [17] and under simulated conditions in vitro [5, 18] . Thiol alkylating properties of á,â-unsaturated ketones is considered to be the principal mechanism of action of Mannich bases [5, 19, 20] . Having the anticonvulsant activity of Mannich bases of conjugated arylidene ketones [16] and Mannich bases of 1 -aryl-l-ethanones [21] pushed us to design and synthesize some bis Mannich bases, namely, 3,3'-methylimino bis(l-aryl-l-propanone)hydrochlorides (B1-B5), and investigate their anticonvulsant activity. Some further modifications were made on this general chemical structure such as cyclisation of these bis Mannich bases and quaternisation of the selected representative compounds from each series to see whether it improves their anticonvulsant activity. For this purpose, piperidinols Cl and C4 as cyclic derivatives, which are the structural isomers of bis compounds Bl and B4, respectively, and compounds B6 and C6, which are representative quaternary derivatives of bis and piperidinol compounds Bl and Cl, respectively, were designed.
Materials and methods

Chemistry
All the chemicals were purchased from Aldrich Chemical (Munich, Germany). Melting points were determined on a Thomas Hoover (Philadelphia, PA, USA) and were uncorrected. UV spectra were recorded in H 2 O by a Shimadzu double-beam spectrometer UV-150-02 (Tokyo, Japan). IR spectra were recorded on a Shimadzu IR470 (Kyoto, Japan) as KBr disc (v, cm -1 ). 1 H-NMR (400 MHz), 13 C-NMR (100.6 MHz) spectra were obtained on a Bruker AM 400 WB Instrument (Karlsruhe. Germany) using TMS as an internal standard (chemical shift in ä, ppm). ES1 (electrosprav ionization) mass spectra were recorded using a LCQ (liquid chromatography quadrupole) quadrupole ion trap mass spectrometer (Finnigan, San Jose, CA, USA). The spray needle was set at 5.5 kV in the positive ion mode. The spray was stabilised by a nitrogen sheath flow, the value was set to 100. The inlet capillary temperature was 200 °C. The samples were dissolved in 50 % methanol in water (10 ìg/ml) and 5 ìl samples were injected. The eluent consisted of 50 % methanol in water and the flow was set to 20 ìl /min. Elemental analyses were performed with a CHN-rapid elemental analyzer (Perkin Elmer, Norfolk, CT, USA). The purity of the compounds was assessed by TLC on silicagei HF254-366 (E. Merck, Darmstadt, Germany). Developing solvents for TLC were chloroform-methanol-ammonium hydroxide (9:1:0.1) for quaternary compound C6 and chloroform-methanol (9:1) for B1-B5 and Cl, C4.
Synthesis
Synthesis of bis Mannich bases (compounds Bl [22], B2 [22], B3, B4 [23] and B5)
A mixture of methylamine hydrochloride, an appropriate ketone, such as acetophenone or p -substituted acetophenone or 2-acethvlthiophene and paraformaldehyde (37 % formaldehyde solution has been used only for B3) was stirred and heated to 80-82 ""C. At this temperature a vigorous reaction occurred (except reaction of B3). The heating source of the reaction was removed. Temperature in a reaction flask increased spontaneously to 100-125 o C. Stirring was discontinued. A solid mass of crystals was formed. After cooling to 60 °C (36 °C for B5) 40 ml of ethanol for Bl and B2 and 30 ml of ethylacetate for B4 and B5 were added into the reaction flask and the reaction mixture was stirred for 2 h. The crystals were filtered, dried and crystallised.
For the reaction o f B3, when the temperature reached 80 °C, no vigorous reaction did occur. The reaction mixture was heated and stirred for 1 h at 80 °C. After adding 30 ml of ethylacetate the reaction mixture was kept in a refrigerator for a week. The precipitate thus obtained was filtered and separated from its liquid phase and crystallised.
Molar ratios of ketone, formaldehyde and methylamine hydrochloride used in the reactions were as follows: for Bl 0.24, 0.16, 0.08, for B3 0.02, 0.02, 0.01] and for B2, B4 and B5 0.05, 0.05, 0.025, respectively.
Synthesis of piperidinols (compounds Cl and C4 [24])
To synthesize Cl (CAS 4661-15-8), 35 ml 10 % NaOH solution was added to the solution of compound Bl (16.58 g, 0.05 mol) in 115 ml distilled water. This mixture was stirred at 40 °C until the oily base had solidified which occurred after 0. mixture was stirred at room temperature overnight. The solid was filtered, dried and crystallised from methanol to give the piperidine derivative, which was a crude base of C1 (10.43 g). This base was solved in 1 1 of dry ether and treated with gaseous hydrogen chloride to obtain Cl, (9.02 g). To synthesize C4. a similar experimental procedure was applied. In this case B4 was used as the bis compound to be converted to its corresponding piperidinol derivative. Hyrochloride salt of the compounds were crystallised.
Synthesis of quaternary piperidinol (compound C6)
The base form of the compound Cl (0.57g, 0.002 mol), which was obtained by the above mentioned experimental method. was dissolved in 150 ml of dry ether and treated with methvl iodide (1 ml, 2.28 g, 0.016 mol). After stirring at room temperature for 2 h, the reaction flask was kept in a refrigerator for 2 days. The precipitate obtained was washed with chloroform and crystallized to obtain C6. Molecular formula, molecular weight, melting point, yield of the reaction, and crystallization solvents of the compounds synthesized are shown in Table 1 .
Anticonvulsant activity
Stimulator (Grass S88, Grass Instrument, West Warwick, RI, USA), constant current unit (Grass SCUIA) and cornea! electrode were used for the evaluation of anticonvulsant activity. All synthesized compounds were administered i.p. as 30 % aqueous polyethylene (PEG) 400 suspensions. Twelve Swiss albino male mice (20 ± 2 g) were used for each compound. The animals used in this experiment were subjected to a previous rotarod toxicity test to confirm that they did not have any congenital neurological defects. Following this test the healthy animals were subjected to anticonvulsant activity tests. Animals were supplied from the Hacettepe University Animal Farm and in vivo tests were carried out according to the NINCDS-ADD programme [1] . Control animals received 30% aqueous PEG 400. The compounds were tested for their anticonvulsant activity against MES and scMet induced seizures. The rotarod toxicity test was performed for neurological toxicity according to the phase 1 tests of the ADD (Antiepileptic Drug Development) programme [1] which had been used in various previous studies [25] [26] [27] [28] [29] . Pentetrazole (metrazol) was administered s.c. on the back of the neck. Rotarod toxicity test was performed on a 1 inch diameter knurled wooden rod, rotating at 6 rpm (the rotarod used in Screening I test had been made by the Hacettepe University Technical Department).
MES maximal electroshock seizure test
Maximal electroshock seizures were elicited with a 60 cycle alternating current of 50 mA intensity (5-7 times the current which is required to elicit minimal electroshock seizures) delivered for 0.2 s via corneal electrodes. One drop of 0.9 % saline is instilled in the eye prior to application of the electrodes in order to prevent death of the animal. Abolition of the hind limb tonic extension component of the seizure is defined as protection.
scMet-subcutaneous pentetrazole (metrazol)
85 mg/kg of p entetrazole (producing seizures in more than 95 % of mice) was administered as a 0.5 % solution subcutaneously in the posterior midline. The animal was observed for 30 min. Failure to observe even a threshold seizure (a single episode of clinic spasms of at least 5 s duration) was defined as protection.
Neurotoxicity
The rotarod test was used to evaluate neurotoxicity. The animal was placed on a knurled wooden rod, 1 inch in diameter, rotating at 6 rpm. Normal mice remain on a rod rotating at this speed indefinitely. Neurologic toxicity was defined as the failure of the animal to remain on the rod for 1 min. 
Chemistry
Except quaternary bis compound B6, all compounds designed ( Fig. 1) were synthesized successfully as outlined in Scheme 1 and described in greater detail in the Material and methods section (sections 2.2.1-2.2.3.) and characterized by UV, IR, 1 H-NMR, 13 C-NMR, and ESI-MS spectra and elementary analysis. Molecular formula, molecular weight, melting point, yield of the reaction, crystallisation solvent for the compounds are shown in Table 1 . The analytical data of the synthesized compounds are as follows. ( 1 -phenyl-1 -propanone 
3,3'-Methylimino bis
3,3'-Methylimino bis(l-p-methylphenyl-lpropanone) hydrochloride (B2)
UV
3,3'-Methylimino bis(l-p-methoxyphenyl-lpropanone) hydrochloride (B3)
3,3'-Methylimino bis(1-p-chlorophenyl-1-propanone) hydrochloride (B4)
3,3'-Methylimino bis(2-thienyl-l-propanone) hydrochloride (B5)
1-Methyl-3-benzoyl-4-hydroxy-4-phenylpiperidine hydrochloride (C1)
1-Methyl-(3-p-chlorobenzoyl)-(4-hydroxy-4-pchlorophenyl)piperidine hydrochloride (C4)
Anticonvulsant activity
Anticonvulsant activity data of the examined compounds were exhibited in Table 2 .
Discussion
Chemistry
To our knowledge, quaternary piperidinol derivative C6 was reported for the first time.
Apart from this study, there is no information about any kind of biological activities of the compounds reported here.
Bis Mannich base B3 having methoxy substituent at para position of the phenyl ring was also synthesized in this study as a hydrochloride salt using a method different from the procedure described in the literature [23] where the same compound is reported as oxalate salt. Compound B5 was also synthesized in a way different from that reported in the literature [30] with higher reaction yield. It has been reported in literature that when a mixture of ketone, amine hydrochloride, and formaldehyde in 0.1:0.1:0.12 mol ratios, respectively, was heated in absolute alcohol on a steam bath for 2 -3 h, the reaction resulted in compound B5 with 61 % yield [30] . In our study, the yield of B5 synthesis was 85 % with the procedure described in the experimental part. The increased yield in the synthesis of compound B5 may result from different experimental procedures used.
In literature, determination of chemical structures of compounds Bl, B2, B4, Cl and C4 was generally based on their melting points and elemental analysis [23] . Compounds synthesized in our previous study [9] having bis and piperidinol chemical structures are similar to the compounds synthesized in this study. In our previous study, reactions were sensitive to changes in reaction conditions such as temperature, duration of reaction and the pH value of medium during the synthesis of bis Mannich bases. These reaction conditions directed the synthesized compound to be bis or piperidinol. The most common classical method to prepare quaternary Mannich bases consists in the preparation of basic the form of the compound by treating the salt form dissolved in an appropriate solvent with a basic solution such as aqueous sodium carbonate (5-10%) or sodium bicarbonate (5-10 %) followed by extraction with an organic solvent and interaction with alkyl halide [31] . Another method consists in the quaternization with alkyl halide after obtaining the basic compound directly [32] . The most difficult situation generally encountered in preparation of quaternary derivatives is the conversion of the hydrochloride salts of the compounds to their free bases. Bis Mannich bases undergo rapid elimination in basic medium. This finding is supported by the results of previous studies [9, 33] . The basic form of bis Mannich bases formed in such a medium are not stable and they are converted to piperidinol bases immediately via intramolecular aldol reaction. Since we could not synthesize the target compound B6 by the first classical method mentioned above, we tried to synthesize it using the basic form of Bl. The reaction, in which ketone. formaldehyde and free amine would react, was designed. However, the basic form of Bl could not be synthesized due to the basification of the reaction medium by the starting amine. That is why the quaternary derivative B6 could not be synthesized by this method, either.
Anticonvulsant activity
According to results of the activity studies presented in Table 2 , B2, B4, Cl and C4 derivatives were found to be protective against MES at 30 mg/kg and above. Of the compounds, Bl, B2, B3, B4, C4 and C6 were found to be protective against scMet. at different dose levels ranging from 30 to 300 mg/kg. Neurotoxicity was not observed in any of the synthesized compounds except B5 and Cl, which were administered to mice in the dose range of 30-300 mg/kg. Compounds B5 and Cl exhibited neurotoxicitv at the dose of 300 mg/kg within 0.5 h. When compounds B2 and B3 were administered to animals at the dose level of 300 mg/kg and compound C6 was administered at 100 mg/kg no measurements were taken as the mice died within 10 min.
Conclusion
According to the data obtained from the in vivo studies, B4, Cl and C4 were determined to have significantly high anticonvulsant activity against the MES seizures at a dose range of 30 to 300 mg/kg. It should be noted that for compound Cl significant neurotoxicity was observed at a dose level of 300 mg/kg, while no neurotoxicity was detected for the compounds B4 and C4.
Therefore compounds B4 and C4 seem to be promising compounds for their potential anticonvulsant activity as neurotoxicity was not detected. Syntheses of com pounds of this group therefore should be continued fol lowed by further in vivo studies.
